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Mobile game-based learning (mGBL) is a game 
purposely employed for learning which is played on 
mobile devices such as mobile phones. The 
development of mGBL is indeed a crucial task in 
ensuring the player to be motivated enough to keep 
playing until the game goal has been achieved. 
Various game development methodologies have been 
introduced for different types of games (genre, 
platform), which are available in their own 
specifications. Although there are many introduced 
methodologies which are currently practiced, studies 
show that customized phases and steps to develop 
mGBL applications are necessary. Henceforth, this 
paper proposes phases and main steps to be included 
in mGBL engineering model. This model is proposed 
intentionally for developing mGBL applications. A 
review on available mobile game development 
methodologies and an expert consultation to mobile 
game developers are conducted to identify the phases 
that are presently applied by developers to develop 
mobile games. Through this study, we analyzed and 
compared the diversity of the phases and steps 




There is increasing interest in the use of ICT and 
educational technologies to promote effective learning 
formally or informally. Such technologies are 
educational software in CD, web-based, online 
learning, e-learning, computer-based training (CBT), 
and most recently mobile learning (m-learning). M-
learning can be described as a learning technique that 
happens across locations or that takes advantage of 
learning opportunities offered by mobile technologies 
such as mobile phones, smart phones, PDAs and 
handheld devices. With such huge potential of the 
mobile technologies, there is a possibility of using 
mobile for learning since such technologies combine 
the wireless connectivity and educational contents 
(text, multimedia, application) delivered according to 
learner’s location, requirements and skills [1]. Many 
research findings also show the prospective and 
effective use of mobile technologies for learning 
intention [1], [2] with using a variety of m-learning 
systems as listed in Table 1.  
 






• BBC Bitesize Programme  [3] 
• Mobile Learning Language System  [4] 
• Learning System (Blackboard)  [5] 
Mobile 
Application 
• Classroom Response System  [6] 
• Ambient Wood  [7] 
• Butterfly Watching System  [8] 
• Interactive Audio-Visual tour  [9] 
Mobile 
Game 
• mGBL project [10] 
• Mathematic Video Game- Skills Area [11] 
• Virus [12] 
• MIT Game-To-Teach [13] 
 
Table 1 lists three application types for m-learning 
which are: SMS, Mobile Application, and Mobile 
Game (mGame). The later type is also known as a 
mobile game-based learning (mGBL). A mGBL can be 
defined as a game specifically utilized for learning 
which is played on mobile devices such as mobile 
phones. The main objective of mGBL is to use game 
play to enhance motivation in learning, engage in 
knowledge acquisition, and improve effectiveness of 
learning activities through mobile environment. 
Motivation is a major aspect of effective learning 
through games [14], and [15] further stressed that 
motivation can be promoted and sustained through 
reflection, feedback responses, and active involvement. 
Furthermore, mobile environment offers learning in a 
natural setting, everywhere, and anytime. For that 
reasons, the key challenges for effective learning with 
mGame are for the learners to be interested, motivated, 
engaged, and mobility accessed. Trifonova [16] has 
identified main characteristics for mGBL applications:  
“(i) mGBL must be easy to follow and support a playful 
way of learning, (ii) the learning content should be split 
into small units which require only a reduced span of 
attention so that game play and learning can take place 
during pauses, and (iii) the learning content should be 
available any time, and should be integrated in the 
situational and local context of the learner”.  
There is a global trend to incorporate games to 
increase the efficiency, cost effectiveness and quality 
of learning. However, the literature still lacks of 
discovering the mGame uses and applications for 
student learning in mobile platform. Also, due to the 
different nature of mGBL, the issues to further explore 
the design and development of mGBL to help 
developers make the learning context more valuable 
require investigation. After all, the aim of development 
methodology is to provide the steps and stages on 
mGBL design and development.  
Therefore, two studies have been prepared mainly 
for identifying the phases and main steps of mGame 
development methodologies. First, this study 
investigated and reviewed the methodologies which 
have been proposed by several researchers. Second, an 
expert consultation was conducted with mGame 
developers/ companies for enquiring their currently 
implemented methodology of developing mGame. The 
results of both studies are used to compare, and 
document the similarities and differences of the 
methodologies. Then, some phases and steps of 
mGame methodology were identified and then further 
incorporated with an Instructional Design (ID) model. 
This combination is converted into a proposed mGBL 
engineering model. We define mGBL engineering 
model as a systematic approach that includes 
systematic processes and methods to the development 
of an mGBL application. 
 
2. A Review on mGame Development    
Methodologies 
 
Various game design models and development 
methodologies have been proposed for different types 
of games (genre, platform), which are available in their 
own specifications. Likewise, ID models offer different 
components to cater specific context in the 
development of instructional contents [17]. Both 
approaches need to be incorporated in order to develop 
a “good” game for learning [17]. In addition, 
developing game for mobile platform requires more 
specifications because of the restrictions on the mobile 
environments such as screen design, interaction, and 
software/hardware dependence [18]. The guidelines on 
how to align with these restrictions should be clearly 
specified in the development method, so that the game 
developers will put into consideration when they 
produce any mGame for learning. Hence, mGBL 
developers should adopt a model that best fits their 
learning intention. 
In the last few years many mGame development 
methodologies have been defined with each having 
similarities and differences. This study has selected 
and scrutinized four mGame development 
methodologies and the methodologies propose a 
different number of steps, some of them focus only on 
the design; others focus on the complete development 
of mGame. Table 2 illustrates a summary of the main 
steps of the mGame development methodologies. 
 
Table 2. Steps involve in mGame development 
methodologies 
Methods Steps  
[19] a. Storyboarding 
b. Game body/ design 
c. Code optimization 
d. Dressing up the game 
e. Fixing the bugs/ testing
[20] a. Preparation & Planning 
b. Prioritize features 
c. Features assigned 
d. Development 
e. Meeting for feedback 
f. Game review/ testing 
g. Adjustment 
h. Game Release 
[21] a. Idea & concept 
b. Problem description 
c. Software development  
d. Feedback 
e. Diagnostic code 
f. Iteration 
g. Release to market 
[22] a. Idea/concept 
b. Design game 
c. Develop game 




Dholkawala in her article [19] has proposed a 
general guideline to develop mGame. This guideline 
suggests steps as best practice in developing mGame in 
general using Flash tool; however it is not specifying 
certain genres or purposes. The guideline incorporates 
steps from developing a game concept until the 
trimming process of the mGame. The next 
methodology is known as scrum methodology which is 
proposed by McGuire [20]. Basically, the methodology 
is based on agile methodology and the iterative process 
is the major concern. One of the main principals is that 
each member of the development team is involved in 
the development process where project teams are 
restructured into smaller teams that work together on 
particular steps of an mGame project.  
Another methodology is proposed by Dynamic 
Ventures, Inc. [21] who has strong capability of 
developing software applications for mobile devices 
such as client data applications, mGame, and task 
management systems. The company claims that they 
follow the iterative process which helps to reduce 
development time and deliver better product quality. 
Janousek [22] has presented his paper regarding the 
methodology that he implements for developing an 
mGame. The proposed methodology for mGame 
development is based on the Flash Lite Game Life 
Cycle. This methodology focuses on developing 
mGame using Flash Lite platform as he claims that the 
platform offers one of the best environments for rapid 
mGame development for casual type content.  
In summary, all the methodologies emphasize 
greatly the testing activities. However, only one 
methodology include deployment phase. Planning, 
conception of idea, and storyboarding, are some 
common steps shared in all methodologies. 
 
3. The Expert Consultation 
 
An expert consultation has been conducted in order 
to provide empirical evidence from existing companies 
(mGame developers) that follow their own mGame 
development methodology. The main objective of this 
task is to identify phases and steps involved in 
developing mGame which are currently practiced by 
mGame developers. The task has been conducted 
through online system (http://www.e-
infoc.uum.edu.my/syamsul/survey/) and two months 
(between August to September 2008) were allocated 
for data collection period. The research instrument 
used was a questionnaire with 12 questions which 
include demographics profile of the respondents, and 
close and open-ended type questions in regards to the 
mGame development steps. There were six 
respondents of the mGame developers with each from 
Malaysia, Germany, United State of America, United 
Kingdom, Ukraine, and France. An analysis was run to 
examine the variety of the mGame development 
methodologies by looking at the phases and steps 
involved. The respondents were also inquired about the 
differences between developing entertainment-based 
game and learning-based game. 
The expert consultation has given some significant 
findings and thus this result discussion is intended to 
highlight the key issues that arise from the responses 
obtained. First, the respondents were asked about the 
current practice of the mGame development 
methodology. The majority of the respondents with 
almost 90% have their in-house development 
methodology for mGame development. The 
remainders follow the popular methodologies such as a 
general system development life cycle (SDLC) and 
agile methodologies.  
Second, regarding the steps implemented by the 
mGame developers, most of them are relatively using 
the same general main phases; pre-production, 
production and post-production. Pre-production is the 
preliminary arrangements, as concerning conception 
and planning, that are made upon the inception of an 
mGame development. On the other hand, production 
phase is where the mGame is technically produced 
which includes code and content integration. The third 
phase is post-production, which is a final stage in the 
mGame development, and typically involving 
finalizing the mGame before it is marketed. The steps 
involved as suggested by the respondents in 
developing mGame can be summarized based on these 
three phases as illustrated in Table 3. 
 





• creating concept 
• creating 
storyboard 










• developing game 
engine  
• integrating game 
features 
• developing game 
levels 
• testing 
• publishing  
• deployment 
• testing in live 
version  
• testing of 
devices 
• assuring quality 
 
Apart from that, the respondents were also asked 
about the differences between developing 
entertainment-based game and learning-based game. 
Majority of the respondents agreed that there are 
variations between activities of developing both cases. 
Some of them justify that when developing learning-
based games, it should consider a psychological factor, 
content expert advice, and the suitability for target 
demographic users. All of these are to ensure that the 
audience is being educated and they learn while 
playing learning-based game. 
 
6. Proposed Steps for mGBL Engineering 
Model 
 
Based upon the analysis of the above review and 
survey results, this study has identified the key steps of 
development methodology to be considered in 
developing mGBL. The proposed model specifies the 
phases, steps and deliverables to be produced from 
each phases. The identified steps are classified into 
three general phases; pre-production, production and 
post-production. The combination of some vital 
activities that could be helpful for developing the 
mGBL is as illustrated in Figure 1. 
 
Figure 1. Proposed steps for mGBL 
engineering model 
 
The three phases (pre-production, production and 
post-production) are executed in a sequential manner. 
However, the list of steps is not specified in order of 
tasks because they are flexible and can be customized 
based upon developer preferences. The first phase of 
the development is initially about brainstorming of 
idea and concept of the mGBL, planning schedule, 
designing features, and creating storyboard. At this 
stage, creating the mGBL concept is vital activities 
which will be referred to. All of the theories should be 
embedded in the mGBL concept in order to achieve the 
learning objective. The next phase is shifting to real 
development of the mGBL where it is coded and 
integrated with features as specified in the previous 
phase. Important steps in this stage include content 
development which focuses on the learning concept 
and contents. The learning contents should be referred 
from the content experts. Finally, at the final phase, the 
core activity is the testing procedure which is taken 
place to ensure its quality before releases to the market. 
Deployment step is also essential at this stage to cater 
problems of running on different platforms of mobile 
devices. The platforms vary in different types and 
categories such as Symbian, Windows Mobile, Java, 




mGBL needs to be developed with proper steps to 
enable users to continue to play and achieve the 
learning objectives. The main aim of this study is to 
propose an mGBL engineering model, to be utilized by 
mGBL developer for developing mGBL application. In 
an attempt to achieve this, two initial studies were 
performed to determine the steps involved in the 
development of mGame. Based on the analysis, a list 
of steps is proposed for using in mGBL development. 
The steps can be classified in three general phases; pre-
production, production, and post-production. By 
considering the findings of this study, it is then 
stimulated to the proposed mGBL engineering model. 
However, the collected phases focus on steps of 
developing mGBL but not specify the components to 
be included in the mGBL engineering model. Future 
research should attempt at a deeper understanding of 
mGBL engineering model by integrating with essential 
elements such as instructional design theories, learning 
model, learning content, and mGBL game 
characteristics as illustrated in Figure 2. Thus, the 
above mentioned elements could greatly facilitate the 
learning process, which are needed to assist mGBL 




Figure 2. Proposed (initial) components for 
mGBL engineering model 
 
To summarize, before considering mGBL into 
learning environment, many requirements need to be 
considered in order to obtain the maximum benefits 
from the mGBL. Further research should be aimed at 
investigating several aspects in mGBL such as learning 


















• defining learning model of mGBL 
o theories of learning & theories of ID 
• brainstorming idea, concept & game genre 
• researching target audience 
• creating game storyboard & scripts 
• designing mGBL features & challenges 
• examining mobile platform 
• preparing mGBL elements 
• coding & optimizing code 
• developing mGBL engine  
• developing learning contents 
o referring to content experts for learning 
content, concept and goal 
• integrating mGBL features 
 
• diagnosing code 
• reviewing learning model of mGBL 
• reviewing learning content  
• testing mGBL 
• adjusting/improving mGBL 
• deployment to mobile devices 

















(i) mGBL learning model  
(ii) mGBL design document 
Deliverables:  
(i) mGBL game prototype version 
Deliverables:  
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